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Protein determination on the basis of copper-binding capacity 

Current  pho tomet r i c  methods  for the  determinatio~a of prol:ein -':"q.7 eit:he~ o~? the  
special proper t ies  of a romat ic  residues >-a or solely o]s the preseJ~cc r~,f po)3~peptide 
s t ruc tures  4-~. Those procedures  dependen t  on a romat ic  groups are se~)sitive bu t  - ,arv 
in the absolute  values gixen by  different proteins.  The procedn~:e~< depend<,>t on ~-Le 
complexing of copper  by  polypept ides ,  the so-caIied, b iure t  m~,<i:~ods'*', a, aye pd,)re 
rel iable bu t  much less sensitive. NJ;ILSEN'S micr(~ procedure  ~ i)~sed o~ the bi:n:e~; 
react ion has not  been found general ly  useful in tiffs i abo ra to ry  beeat::< <.'; t,~rbJdity, 
caused by  prec ip i ta t ion  of the water- insoluble  copper  diethyldi{biocarbama~:e;,  ;~.,v.:1 
h ighly  colored blanks,  ;~pparently caused b y  the format ion of solubi,::~ copper-phosphr<e 
complexes s. This  communicat io];  reports  a rap id  new procedure  utii.izing the biure*i. 
react ion,  which has the re l iabi l i ty  of the b inre t  me thod  and ~ useful range of o.,>5-- 
~.o mg protein.  

Reagents 
(a) Alkal ine  copper  t a r t r a t c  reagent :  Io  m] o.2o .~/ CuSO.~ t~re z:,ddcd to 590 nJ  

o.I67 N N a O H  containing 2.o g potass ium sodium t a r t r a t e  tetrah\drr~!.<. (!.',) Dox~ ex.-] 
suspension:  B io -Rad  A G > X 8 ,  2oo--4oo mesh, chloride form*, is >:i>'pc~;ded h~ de- 
ionized wate r  a t  a dens i ty  of 20o mg/ml.  (c) Color reagent :  Sodimr~ diett~xdditbio- 
c a rbama te  is dissolved at  a concentra t ion of ~.o nng/'mI in a o.o~5 % >oiuf.ion of 
crys ta l l ine  bovine serum albumin.  All of the reagents  are s table  {or many  ~:eek~ ;~t: 
room tempera ture .  

Procedure 

The protein  solution to be ana lyzed  is freed of salts and  ~rce ;~mino a d d s  b F 
dialysis  or the  protein  is p rec ip i t a t ed  with  o.5 vol. of 3 ~lf trich]o:-acctic ;mid. The 
concentra t ion  of salts  and amino acids in the sample  to be prec ip i ta ted  um~t be ices 
than  o. 4 M. Above  tllis level, in terference is most  pro~nounced ~Jt the lower protei]? 
concentrat ions .  Agreement  between assay values obta ined  with  al iq~ots  of different 
sizes assures the absence of interference.  The p rec ip i t a t ed  protein is sedimer~zed b;!. 
cent r i fugat ion  for 5 rain at  2o,o0o ;< g and then resuspended in o.5o rnl of deionized 
water .  The prote in  suspension or o.so ml of dia lyzed protein solution., conta ining 
o.o5-~.o mg protein,  is mixed in a centr i fuge tube  with I.OO ml (:;I a]kali~c copper  
t a r t r a t e  solution, in v.hich the  protein prec ip i ta tes  readi ly  d issohe .  Aft('.:, a{: ]et~;t 
5 min at  room tempera ture ,  I .o mI of Dowex-~ suspension i.s added,  foiiowed b y  
5.o ml of color reagent .  Af ter  mixing, the tube  is centr i fuged briefly at  low ~peed ~i]ld 
the  supe rna t an t  solution Js decanted  into a cuvette .  Absorbancies  ar~, de termined 
at  446 or 486 my,  depending on the amoun t  of protein present ,  again~-'t a blani-: 
conta in ing 2.5 ml of deionized wate r  and 5.o ml of color reagent .  A,'~y resin carried 
over  in decant ing  sett les rap id ly  and  causes no interference with  thc pbotometr3, .  
The color is s table  indefinitely.  

S t a n d a r d  curves for the me thod  are given in Figs. I and :z. T1;e absorbancy  
response is l inear  up  to o. 4. mg protein.  At  446 my,  which is the  absorpt ion r,~aximum, 

* California Corporatio~ for Biochemical Research. No cyc!ing or othe~: prci.,ara~io> of ~!~e 
resin is necessary. Eq uilibra.tion with alkaline La rtrate prior io use dim inish es the effecvs of i .'~.~,:erfe>- 
Jug substances but also reduces the sensitivit.y of the method. 
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Fig. I. S t a n d a r d  curve  for the  procedure  a t  
446 m#.  The po in t s  shown are  the  means  of 
va lues  ob ta ined  for the  five c rys ta l l ine  p ro te ins  
of Table  I. The  i n s t r u m e n t  used was  a Coleman 

Jun io r  Spec t ropho tomete r .  
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Fig. 2. S t a n d a r d  curve  for the  procedure  a t  
486 mff. Other  condi t ions  as in Fig. I. 

this corresponds to the most useful range of the photometer. The sensitivity of the 
method may  be increased somewhat by using a smaller volume of a more concentrated 
color reagent and a suitable photometer. 

The reliability of the method with different proteins is indicated by the data 
given in Table I. As was expected, the new procedure and the biuret method have 
similar reliabilities, while the sensitivity of the new procedure approaches that  of 
the LOWRY method. 

T A B L E  I 

C O M P A R I S O N  OF F O U R  A N A L Y T I C A L  P R O C E D U R E S  IN TFIP5 D E T E R M I N A T I O N  OF 

F I V E  C R Y S T A L L I N E  P R O T E I N S  
$ 

The c rys ta l l ine  p ro te ins  used were pu rchased  from Nu t r i t i ona l  Biochemica ls  Corporat ion.  Dry  
we igh t s  were de t e rmined  by  d ry ing  samples  to  cons t an t  we igh t  a t  3 °o over  A1203. The abso rbancy  

va lues  g iven  are based  on d a t a  sufficient to  insure r a n d o m  errors  smal le r  t h a n  2 %. 

Protein 

Apparent protein content of solutions containing .r.oo ~ng/ral* 

Estimation based on LOWRY method*** Biuret method*** 
absorbancy at 280 ml~** (ref. 3) (re]. 5) Present method *t* 

E d e s t i n  o.69 o.91 i .o 4 i .oo 
f ldac tog lobu l in  o.73 o.67 o.93 o.93 
Bovine  s e rum a l b u m i n  o.52 0.97 0.95 0.97 
Peps in  i .09 I .i 8 0.94 i .o 4 
L y s o z y m e  1.97 i .22 1.14 i .05 

Mean d e v i a t i o n  42 0/O I 7 % 7 % 4 % 
(as % of mean)  

Sens i t i v i t y  o.43 2.6 o.o 5 2.o 
(absorbance  u n i t s / m g  in 
the  final vo lumes  s ta ted)  

* The m e a n  abso rbancy  va lue  per  mg for each me thod  was t a k e n  as the  s t a n d a r d  for t h a t  
method .  

** De te rmined  us ing the  B e c k m a n  Model DU Ul t r av io l e t  Spec t rophotometer ,  final vol. 3.o ml. 
*** De te rmined  us ing the  Coleman Jun ior  Spec t rophotometer ,  final vol.  7-5 ml. Abso rbancy  

va lues  were de t e rmined  a t  the  w a v e l e n g t h  of the  absorp t ion  m a x i m u m  for each method.  
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The tar t ra te  in the copper reagent serves to ma in ta in  Cu +÷ in soiutJo;~ ~t aikalh~c 
pH, as in the biuret  mell:}od. Under  these condit ions the reaction v,:iti~ 7rotei~-~ proc,'.cd~ 

rapidly. Since the coordination number  of Cu =:- is 4, each Cu -+ b h d s  t,,~:o ~artrat( 
ions, and  the net  charge on the eopper- tar trate  complex is negative, lu  the same ,,va), 
each Cu ÷q binds four peptide bond nitrogens, bu i  the net  charge on tb, c copper-protein 
complex is positive. Accordingly, tl~e strong anion cxd-mnger i)owe×-~: reJ~o~ es fro,~ 
solution all copper except tha t  bound by  proteb~. In the final s, te~), precipitatiou 
of copper d ie thyidi th iocarbamate  was found to be prevented by the presence of 
excess protein, added as a lbumin i~ the color reagent. The E, bst'ncc of color i~" the 
color reagent itself and the quan t i t a t ive  removal of excess copper b y  th~ ioJ-~, excl-'~a~?ge 
resin result i]~ colorless blanks. This circumstance assures high se~-~sitivJty for sna] !  
amounts  of protein and minimizes errors caused by i~?aecuracies i~ procedur< 

In summary,  a quan t i t a t ive  a~alyticai procedure based o~ the copi)e~--binding 
capacity of protein ha:~ been de;~eloped, Protein-complexed copuer 5s de le :mined 
colorimetrically with die thyldi th ioearbamate  after removal of excess coRper by aJ-~ 
ion-exchange resip,. The procedure has 40 times the sensi t ivi ty of th,v bin~c~ method 

a n d  equal reliability. 
This investigat%n was aided b 3 grants  from the Nations] Science Fo~mdation 

and  the Dr. Wallace C. and Clara A. Abbot t  Memorial Fund  of the U,~i~,;<rsitv of 

Chicago. 
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